Introduction {#sec1-1}
============

The use of external ventricular drainage (EVD) is not new in neurosurgery, but its use in Nigeria is however not very common. The reason is due to the paucity of neurosurgical centers as well as number of surgeons in Nigeria and the fact that the standard EVD set is not readily available. Local hospital suppliers do not routinely stock or sell.

The main function of EVD is essentially to drain the ventricle howbeit temporarily. In few cases, it may be necessary for \>1 week. On specific occasions, it may be used as a portal for intraventricular antibiotics. The general reasoning is to leave it *in situ* until it is no more necessary. Few patients require long term drainage of their cerebrospinal fluid (CSF) and are thereafter shunted.\[[@ref1]\]

External ventricular drain is a routine procedure in major pediatric and adult neurosurgical services. Likely indications include traumatic intraventricular hemorrhage (IVH), infected CSF precluding shunting and after a posterior fossa surgery as a prophylactic channel for control of intracranial pressure from possible blockage of aqueduct of sylvius.\[[@ref1][@ref2][@ref3]\]

We document our experience with the use of EVD despite the challenges from procuring the standard EVD set and adaptations we made to overcome the local limitations.

The aim of the study is to create awareness that EVD is helpful in selected cases and can be done in emergent situations even when the ideal set is not available.

Methodology {#sec1-2}
===========

The study period was from January 2012 to December 2013, a time frame of 2 years. The decision to externally divert the CSF is clinical and made by the attending neurosurgeon. This decision is based on clinical presentation of the patient, physical examination and radiologic as well as laboratory findings of CSF abnormalities. All patients with salvageable intraventricular bleed were recruited into the study. Patient with a Glasgow coma score (GCS) above 6, with reactive pupils (with or without anisocoria) were recruited while patients with dilated and fixed pupils following intraventricular bleed were not recruited.

All pediatric patients with hydrocephalus and documented infected CSF were included in the study. When children present with tense anterior fountanel, craniofacial disproportion, cloudy CSF on ventricular tap to reduce increased intracranial pressure, culture positive of same CSF, raised white blood cell count and differentials suggestive of active infective process, they were included in the study.

Patients (adults or children) who were to have posterior fossa surgery for brain tumor had an EVD inserted as a prophylactic procedure.

A size 6 or 8 (French guage) feeding tube \[[Figure 1](#F1){ref-type="fig"}\] is used as the EVD catheter for the simple reason that it is cheap and readily available while at the same time the ideal set is scarce and expensive. Size 6 is usually used to drain infected CSF while size 8 is used in cases of IVH.
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Once the decision to do EVD is made, patients are made to sign an informed consent with the details of the procedure explained by the consultant. The possible complications as well as the benefits are clearly explained to the patient or the relative in instances where the patient is unable to sign the consent. The procedure is done in the theatre under general anesthesia except a few cases where the patient is so unstable that he/she could not wait for any delay in the procedure, it is then done by the bedside under strict aseptic procedure and local anesthesia.

The usual drainage point is the right frontal horn, and the procedure is done without any image guidance but by a freehand method.\[[@ref4]\] A burr hole is made at the point 2--3 cm lateral to the sagittal suture and 1--2 cm anterior to the coronal suture (Kocher\'s point) on the right. The procedure is done using the established landmarks to the frontal horn especially cannulating the ventricle with a trajectory that is perpendicular to the skull.\[[@ref5]\] The feeding tube is advanced up to 5--6 cm from the dura and the tube is tunneled to about 5--7 cm away from the burr hole point to reduce the chances of infection. CSF is diverted through an infusion set into a sterile collection bag and allowed to drain without a vacuum attached. A sterile urine collection bag is often improvised for the collection bag \[[Figure 2](#F2){ref-type="fig"}\]. This is a closed drainage set to ensure sterility of the procedure. In hemorrhagic stroke with IVH, the EVD is placed on the contralateral side to the IVH or the less affected side.
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Routine collection of CSF for CSF protein, microscopy, culture and sensitivity were done at regular intervals from the EVD to ascertain clearing of infection and possible readiness for shunting procedure.\[[@ref6]\] Strict asepsis is maintained during CSF sampling.

Prior to removal of EVD, the drain is challenged for 24 h to be sure the patient is not drain dependent. This is done by raising the EVD tube column to at least 20 cm above the external auditory meatus with the head in neutral position, the drain is then clipped for another 24 h before final removal if the patient remains stable.

All patients had prophylactic antibiotic cover (intravenous \[IV\] ceftriaxone 50 mg/kg body weight) before the insertion of EVD. Patient with infected CSF were on specific IV antibiotic for 4 weeks and continued on oral antibiotics for 2 more weeks.

All patients included in the study had the bio-data entered into the database. Date of procedure, duration of the EVD, indication for EVD, culture result of CSF, outcome following the EVD and a comment of its advantage in helping the patient.

The data were processed and analyzed.

Results {#sec1-3}
=======

A total of 28 patients were recruited into the study within the time frame of 2 years. They were consecutive patients that met the inclusion criteria. There were 19 (67.9%) male and 9 (32.1%) females with a ratio of about 2:1. Age ranges varied from as low as 7 days to 66 years. The median age of the study sample was 6.5 months while the mean was 173.8 months.

Indications for EVD included brain tumor especially for ventricular drainage in posterior fossa surgery, hemorrhagic CSF with hydrocephalus, infected CSF and ventriculitis with associated hydrocephalus and stroke with associated IVH + intracerebral hemorrhage. Hemorrhagic CSF and infected CSF accounted for 7 (23.3%) and 9 (30%) indications for EVD respectively. Of the infected CSF patients, 2 patients (7.1%) had frank pus drained at insertion of EVD. Other indications for EVD in this study especially in the older patients are stroke with associated intraventricular and intraparenchyma hemorrhage accounting for 6 (21.4%) patients.

Duration of EVD varied with the indications for the procedure. The range was from 2 days to 11 days with a median of 7 while the average was 6 days.

Eventual outcome following the procedure of EVD showed that 19 (67.9%) survived and were discharged either to go home or to have ventriculo-peritoneal (VP) shunt afterwards while 8 (28.6%) of the patients died. One patient was discharged against medical advice by the family and was lost to follow-up.

Outcome based on shunt drain dependency showed that 8 (28.6%) patients did not require further CSF diversions when the drain was removed while 11 (39.3%) of the patients had to be shunted when the CSF was clear and protein level within normal range for shunting procedure. 1 (3.6%) patient was referred out from our center and was not followed-up.

Though the procedure was done using a freehand technique, there was no further neurologic deficit attributable to the procedure. In 5 (17.9%) of patients, there were drain site infection and these settled within few days while on antibiotics. All patients who had superficial drain site infection already had ventriculitis with or without frank pus drained.

The main indications for EVD were to temporarily drain CSF in patients with hydrocephalus that could not immediately be shunted because of infected CSF and, peri-operatively for patients with posterior fossa tumor or hemorrhagic CSF. Twenty-one (75.0%) patients had EVD for the purpose of drainage alone while in 4 (14.3%) patients; the use included antibiotic administration to the intraventricular space in addition to temporary CSF drainage. Only in 3 (10.7%) patients was the use for drainage of blood.

Discussions {#sec1-4}
===========

The important finding in this study is that EVD can be done with improvised tube when the standard set is not available, especially in resource poor centers. EVD is a life-saving procedure used to divert CSF in hydrocephalus when there are reasons why VP shunt could not be done immediately and also as a temporary and prophylactic procedure in posterior fossa surgery as in some of the cases in this study.\[[@ref3]\] In emergent instances like infected or hemorrhagic hydrocephalus, the procedure is safe to be done by the bed side and using a freehand method.\[[@ref4][@ref5][@ref7]\] Where image guidance is available, it may improve the accuracy of placement in the frontal horn of lateral ventricle.\[[@ref8]\]

In infected and hemorrhagic CSF, EVD has the additional advantage of being a portal for intraventricular antibiotic administration while draining infected CSF \[[Figure 3](#F3){ref-type="fig"}\]. 4 of the patients in the study benefited from this advantage. Its use is also encouraged to reduce intracranial pressure and divert CSF in IVH \[[Figure 4a](#F4){ref-type="fig"}\].
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![(a) Preoperative image showing intracerebral hemorrhage (ICH) and intraventricular hemorrhage (IVH) (b) Image immediately after external ventricular drain (EVD) insertion. Tube is in the left ventricle (c) computed tomography of the same patient after 2 weeks post ICH/IVH and EVD](JNRP-6-304-g004){#F4}

The cost of a standard EVD set made by Codman^®^ is about \$45 on ebay.\[[@ref9]\] A feeding tube and standard draining bag as shown in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} cost less than \$5 locally. In countries with health insurance, such a set is readily available to patients in emergency settings at no immediate cost to the patient. Unfortunately, medical services have to be paid for out of pocket in our region.\[[@ref10]\] Resources are limited as well, and materials for such services are not readily available in developing countries. We therefore set out to use a simple and efficient alternative. The aim is not to downplay the importance of the standard set, but to offer help in the midst of the apparent lack and want.

All the indications for EVD in this study are life threatening, and patients could have a high rate of fatality if nothing is done or while waiting for ideal EVD set. With a survival of 19 (67.9%) patients out of 28, it is worth giving patients that require urgent CSF diversion a chance for survival. There is no doubt of its usefulness in neurosurgery practice with regards to patients with potential fatal fate from increased intracranial pressure either from hydrocephalus, IVH/SAH or brain tumor.\[[@ref1][@ref11]\]

As expected, the patient population is sharply divided into the adult and the children. The indication in children was essentially from hydrocephalus of different causes and posterior fossa tumor while in adults it was essentially from cerebrovascular causes and few brain tumors.\[[@ref1][@ref12]\] Studies elsewhere also documented such variations in indication for EVD and age distributions. The main reason in IVH is not to drain the blood in the ventricle but to drain CSF and prevent hydrocephalus. Invariably, there will be some drainage of blood in the ventricle. The EVD is therefore inserted in the contralateral side to the IVH \[Figure [4a](#F4){ref-type="fig"}--[c](#F4){ref-type="fig"}\].

Blood in the ventricle may of course form clots with the tendency to block the aqueduct of Sylvius. It is possible that it is the accumulation of CSF (hydrocephalus) that adds to the already increased intracranial pressure that contributes to the demise of stroke patients. Diverting the CSF and blood outside the brain howbeit temporarily may increase the chances of survival for such patients.

Duration of EVD is also variable. The ideal antibiotic impregnated EVD set could be *in situ* for \>10 days, whereas the plain EVD set is advised to be removed within 5 days. There are studies that showed reduced rate of infected EVD with antibiotic impregnated EVD sets.\[[@ref13]\] There is no specific time to discontinue EVD and such decisions are taken on individual patient basis. It is always important to challenge the EVD either through the use of a transducer, which is not available in our practice or by manometry as described earlier. When the EVD is challenged, we watch out for deterioration in the level of consciousness in children and increasing headache with drop in GCS in adults. Only when patients do well over 24 h were we encouraged to remove the EVD.

In our study, the average duration was 6 days with the improvised EVD set. Patient who had EVD as a prophylaxis after a tumor surgery did not require it for long. EVD for posterior fossa tumor surgery is to prevent acute hydrocephalus from obstruction of the aqueduct of Sylvius and also from possibility of edema of the cerebellum causing obstruction to CSF outflow. This could rapidly be life-threatening hence the use of EVD.

The most common complication associated with EVD is infection of the set. It is responsible for the morbidity and mortalities associated with the procedure. Though we observed EVD site infection in 5 of cases, there is no certainty as regards the culpability of the procedure. In such cases, the CSF to be drained was already infected, and there is a possibility that the same organism was responsible. Such superficial infections resolved with antibiotic. A protocol clearly written for insertion and care of patients with EVD would help in reducing chances of EVD infections.\[[@ref14][@ref15][@ref16]\]

There have been various discussions relating to the effect of length of drainage and infection rates. Though most are in support of changing or removing the EVD set within 5 days, there is no conclusive evidence that length of drainage increases the chances of EVD infection.\[[@ref12][@ref17]\] The EVD set was left for as long as needed, and there are evidence to suggest this is a good practice in a randomized study done by Wong *et al*.\[[@ref17]\] and others.\[[@ref12][@ref18]\]

Tunneling the EVD tube away from the burr hole site is a good measure to prevent EVD site infection and ventriculitis. All the patients in the study had EVD tunneled at least 5--7 cm away from incision for burr hole site. There are studies that agree with this practice.\[[@ref19]\]

Rarer complications of EVD insertion include upward gaze palsy,\[[@ref20]\] vascular incidence,\[[@ref21]\] tension pneumocephalus\[[@ref3]\] among others. These had been documented in various case reports. They are not common, and we did not experience any of such complications despite using an improvised set.

Conclusion {#sec1-5}
==========

We have shown that using an appropriately sized feeding tube as an improvised EVD is safe, associated with minimal complications and can help save lives in critically ill patients who otherwise would have a dismal outcome in our environment.
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